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Abstract Mycelial protoplasts of two compatible mono¬ 
karyons of Lentinula edodes were prepared, and electro¬ 
fusion was undertaken. Sixteen dikaryons isolated after the 
electrofusion were tested for their fruiting abilities in com¬ 
parison to the two dikaryons obtained by reciprocal myce¬ 
lial mating. There were significant differences in fruiting 
body yield among the fusants, and some of them produced 
more fruiting bodies than did normally mated dikaryons. 
Although these dikaryons were divided into five genetically 
different groups by isozyme analyses and a cluster analysis, 
we could not find clear differences among the groups in 
terms of fruiting body yield, mycelial growth rate, or degree 
of wood decay. It appeared that fruiting body yield corre¬ 
lated positively with the mycelial growth rate but negatively 
with the degree of wood decay. 
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Introduction 

Breeding of shiitake, Lentinula edodes (Berk.) Pegler, has 
been done commonly with mating between compatible 
monokaryons. Regeneration and cell fusion of protoplasts 
are new techniques developed for the purpose of breeding 
some edible mushrooms such as Pleurotus u 9 and others. 10 
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Variable fruiting body productivity among protoplast- 
derived dikaryons was reported, for L. edodes , n suggesting 
that protoplast formation and its regeneration may cause 
genetic variation. In the present study, we prepared 
dikaryons by protoplast fusion between compatible 
monokaryons and showed that these fusants had genetic 
variation. Moreover, some of them produced more fruiting 
bodies than did normally mated dikaryons. 


Materials and methods 

Preparation of dikaryons with electrofusion of protoplasts 

Two monokaryotic mycelia of L. edodes. TMIC182-54 and 
TMIC332-11, were used. Mating factors (A and B) of the 
two monokaryons were different. By reciprocal mating on 
agar medium, two dikaryons, 182-54 X (332-11) and 332-11 
X (182-54), were obtained. 12 The monokaryon in parenthe¬ 
ses showed the nuclear donor parent for dikaryosis. Prepa¬ 
ration of mycelial protoplasts of the two monokaryons 
and their electrofusion were undertaken by the method 
previously reported. 12 The protoplast suspension after 
electrofusion was plated onto MYG agar medium (2% malt 
extract, 0.2% yeast extract, 2% glucose, 1.5% agar, pH 6.0) 
containing 0.5 M sucrose and incubated at 25°C for 7 days. 
Regenerated mycelial colonies were transferred to PDA 
medium (Difco). Enlargement of the mycelial colonies on 
PDA medium at 25°C from the 4th day to the 8th day of 
incubation was used as the mycelial growth rate. 

Wood decay test 

Sawdust medium (9g of air-dried sawdust of Fagus crenata 
Blume and 21 ml of 0.1 % ammonium sulfate) was packed in 
a 50-ml glass bottle (35 mm diameter, 60 mm hight) with a 
ventilative silicon cap. The water content of the medium 
after autoclaving was about 70%. The sterilized medium 
was inoculated with a test mycelium. After incubation at 
23°C in darkness for 60 days, each bottle was dried at 100°C 
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for 3 days and weighed. The weight loss was used to indicate 
the decay ability of a given dikaryon. 

Isozyme analysis 

Preparation and gel electrophoretic analysis of isozymes 
were performed according to the method previously re¬ 
ported. 13 Mycelium was grown on WGC medium (20 g glu¬ 
cose, 0.2 g casamino acid per liter of hot water extract from 
100g dried wood powder of Quercus serrata Thunb.) at 
23°C for 14 days. The acetone powder of the each mycelium 
was extracted with distilled water, and the supernatant 
was used for electrophoresis. Esterase, malate dehydroge¬ 
nase, and laccase were separated by isoelectric focusing 
in 5% polyacrylamide gel according to the procedure by 
Vesterberg 14 using pH 2.5-8.0 carrier ampholytes 
with 2000 V at 5°C. Isozymes of esterase and malate dehy¬ 
drogenase were stained by the method of Allendorf 
et al. 15 Laccase bands were stained with 5mM p- 
phenylenediamine. Using the banding patterns of the three 
enzymes, similarity coefficients between the strains (num¬ 
ber of common bands/number of discordant bands) were 
calculated, and a cluster analysis based on the similarity 
coefficients was undertaken. 


Fruiting trial 

Logs of Quercus serrata (8-12 cm diameter, 100 cm long) 
were inoculated with Lentinula spawns, cylindrical wood 
pieces colonized by dikaryotic mycelium, using 15 logs for 
each dikaryon. The bedlogs thus inoculated were placed 
under the shade of trees for development of mycelium 
and for production of fruiting bodies. All mature fruiting 
bodies produced on the bedlogs for 4 years after inoculation 
were harvested, and the number and dry weight were 
recorded. 


Results and discussion 

Among a total of 400 colonies obtained by protoplast fu¬ 
sion, 24 were shown to be dikaryons with clamp connec¬ 
tions. These dikaryons were regarded as protoplast fusants 
because no colonies with clamp connection were recovered 
from the mixture of protoplasts before fusion treatment. 

The 24 dikaryons obtained by the protoplast fusion, 2 
dikaryons from usual reciprocal mating, and 2 parental 
monokaryons were tested for mycelial growth rate at 25°C 
for 4 days on PDA medium (Table 1). The growth rates in 


Table 1. Characters of dikaryons of Lentinula edodes obtained by protoplast fusion 


Isolate 

Mycelial growth 
speed (mm)' 

Degree of wood 
decay (%) a 

Isozyme pattern 


Electrophoretic 

phenotype 

Esterase 

Malate dehydrogenase 

Laccase 

Dikaryon produced by protoplast-fusion 





A 

17.3 

9.88 

c 

c 

c 

3 

B 

17.3 

10.09 

c 

c 

e 

4 

C 

15.2 

11.97 

e 

d 

f 

8 

D 

17.4 

11.23 

c 

d 

e 

7 

E 

17.7 

9.75 

c 

d 

d 

6 

F 

16.2 

10.44 

c 

d 

e 

7 

G 

16.0 

9.87 

c 

e 

e 

9 

H 

16.9 

9.58 

c 

e 

e 

9 

I 

16.9 

9.92 

d 

e 

e 

12 

J 

12.0 

12.26 

c 

e 

g 

10 

K 

17.2 

9.64 

c 

d 

c 

5 

L 

17.4 

9.66 

c 

d 

e 

7 

M 

15.5 

10.44 

e 

d 

f 

8 

N 

17.2 

9.63 

c 

d 

e 

7 

O 

16.6 

10.00 

c 

d 

e 

7 

P 

15.6 

9.82 

c 

d 

e 

7 

Q 

16.7 

9.60 

c 

e 

e 

9 

R 

14.6 

10.21 

e 

d 

f 

8 

S 

17.5 

11.21 

c 

d 

e 

7 

T 

16.0 

10.45 

c 

e 

e 

9 

U 

15.9 

10.09 

e 

d 

f 

8 

V 

17.7 

9.76 

c 

d 

e 

7 

w 

15.7 

11.92 

c 

d 

e 

7 

X 

16.2 

9.69 

e 

d 

f 

8 

Dikaryon obtained by mating 15 






Y 

19.1 

9.46 

f 

g 

h 

13 

Z 

16.1 

9.81 

c 

f 

c 

11 

Parental monokaryon 






182-54 

11.5 

15.17 

a 

a 

a 

1 

332-11 

12.6 

9.01 

b 

b 

b 

2 


“ Mean of two repetitions. 

b Y: 182-54 X (332-11), Z: 332-11 X (182-54); see text for mating method 
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a b c d e 


Fig. 1. Gel electrophoresis of esterase isozymes in Lentinula edodes 
mycelia. a-f isozyme patterns (see Table 1 and Fig. 2) 


dikaryons ranged from 12.0 to 19.1 mm, and the coefficient 
of variation (standard deviation/mean) was 8.8%. The two 
parental monokaryons showed 11.5 and 12.6mm growth, 
respectively. The wood decay test for the dikaryons showed 
a coefficient of variation of 7.7%, which was similar to that 
of mycelial growth rate. 

Electrophoretic analyses of the mycelial enzymes from 
these dikaryons, including the two parental monokaryons, 
produced different isozyme patterns: six types (a-f) of es¬ 
terase, seven types (a-g) of malate dehydrogenase, eight 
types (a-h) of laccase. When the isozyme patterns of the 
three enzymes were combined, it appeared that a total of 28 
samples, including the 2 parental monokaryons, showed 13 
different electrophoretic phenotypes (Figs. 1, 2; Table 1). 
The two dikaryons from reciprocal mating showed different 
isozyme patterns. The two parental monokaryons also 
had their own distinct patterns, different from those of 
the dikaryons. The 26 dikaryons could be divided into 
five branches by cluster analysis using the isozyme 
patterns, showing genetic variation among these dikaryons 
(Table 2). 

The dry weights of fruiting body yields on logs for the 
randomly selected 18 dikaryons are shown in Fig. 3. Varia¬ 
tion analysis and f-test revealed significant differences 
among dikaryons. For example, fusants L and U produced 
more fruiting bodies than did fusants C, E, F, G, and J and 


Fig. 2. Isozyme patterns of esterase 
in Lentinula edodes mycelia. Dotted 
lines show weak bands. See Table 1 
for legends 
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Isozyme pattern 


a : 182-54 
b i 332-11 


c 

: A . 

B . 

D. 

E. 

F . 

c. 

H. 

J . K 


1. 

N. 

0 . 

F , 

Q, 

s. 

T. 

V, W 


Y 








d 

: I 








e 

: C. 

M. 

R . 

U, 

X 





f i Z 


Table 2. Cluster analysis of Lentinula edodes dikaryons and comparison of the 
ters among the clusters 


mycelial charac- 


Cluster Dikaryons Mean of dikaryons in the cluster 

name m the cluster ___ 


I 

II 

III 

IV 

V 


A, K 

B, D, F, H, J 

C, E, G, I, L, M, N, O, P 
Q, R. S, T, U, V. W, X 

Z 

Y 


Fruiting body 

vield 

(g) 

Mycelial 
growth rate 
(mm) 

Degree of 
wood decay 
(%) 

71.4 

17.3 

9.76 

53.9 

16.0 

10.72 

69.0 

16.4 

10.24 

56.4 

16.1 

9.81 

64.4 

19.1 

9.46 
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Fig. 3. Comparison of fruiting body yield among dikaryons of 
Lentinula edodes. See Table 1 for legends. Fruiting body yield: dry 
weight (grams) per 3500 cm 2 of log surface. Each bar indicates the 
average (center) ± standard deviation (n = 15). The least significant 
difference (at the 5% level) of the dry weight was 28.1 g 


Table 3. Correlation 
dikaryons 

among characteristics of Lentinula edodes 

Parameter 

Correlation 


Mycelial growth speed Wood-decay degree 

Fruiting body yield 
Mycelial growth speed 

0.665* -0.626* 

-0.825* 


* Significant at 1% 


the normally crossed dikaryons X and Y. In contrast, fusant 
J fruited more poorly than all the other dikaryons. Similar 
differences among dikaryons were observed in the number 
of fruiting bodies (data not shown). Thus we propose that 
protoplast fusion between compatible monokaryons is a 
technique for producing genetic variations and for obtain¬ 
ing dikaryons with high fruiting productivity. The coeffi¬ 
cients of variation among dikaryons for the number and dry 
weight of fruiting bodies were 26.4% and 24.7%, respec¬ 
tively. These values were higher than those for mycelial 
growth rate and wood-decay degree, suggesting that fruiting 
ability varied more than the vegetative propagation 
abilities. 

As a practical use of isozyme analyses, we tried to com¬ 
pare fruiting body yield, mycelial growth rate, and wood- 
decay degree among the clusters obtained by isozyme 
analyses. Contrary to expectation, we could not find clear 
differences among the clusters (Table 2). Although addi¬ 
tional studies are required to clarify the existence of differ¬ 
ences among the clusters, isozyme loci in this study 
probably do not link to the genes that affect fruiting, myce¬ 
lial growth, and wood decay. 


Among all the dikaryons used, the fruiting body 
yield correlated positively to mycelial growth rate but nega¬ 
tively to wood-decay degree, at the 1% level of significance 
(Table 3). Depending on these characteristics, it is possible 
to establish a laboratory method that allows us to select 
highly productive dikaryons, although further studies are 
required. 
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